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ABSTRACT
PURPOSE: To simulate a lymph node metastasis in an animal model using activated carbon, assess their identification in frozen section 
analysis and compare with histopathological examination in paraffin. 
METHODS: Thirty two adult female rats were used. They received the carbon injection on its hind legs. Half of the rats was sacrificed 
on day one, and the other half after 21 days. Thus, 64 lymph nodes were dissected and split longitudinally. One half of the lymph node 
was sent immediately to frozen section analysis. The other half was fixed in 10% formaldehyde to be cut in paraffin. Slides were divided 
into quadrants and classified by the presence of carbon in these four quadrants_ They were also classified by the carbon staining intensity. 
RESULTS: Comparing the slides obtained in the first day and 21 days, there was a tendency of carbon to spread over time, but without 
statistical significance. The intensity did not alter over time.
CONCLUSION: There was no concordance between the two methods of pathological analysis, however the actived carbon was seen 
in all lymph nodes.
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Introduction
Currently, sentinel lymph node biopsy (SLNB) is the gold 
standard for staging cutaneous melanoma, and was the greatest 
advancement that emerged over the past two decades to a more 
reliable and early staging. The technique was described in 1992, 
and indicates the first lymph node that can receive metastatic 
cells from the primary tumor1. Many studies have demonstrated 
that histological analysis of sentinel node reflects the state of the 
corresponding lymphatic basin2,3. With the use of patent blue 
associated with nuclear medicine, the percentage of detection 
of lymph nodes increased up to over 97% and the percentage of 
detection of micrometastases increased considerably4,5.
After a lymphadenectomy, the analysis of lymph node 
metastases usually examines a slice of 5 mm thick of each lymph node 
dissected. This slice is stained by hematoxylin-eosin. This sampling 
is considered insufficient for the detection of micrometastases, 
particularly in melanoma, because their metastatic cells can penetrate 
the lymph node in small clusters or even as isolated cells6. The 
analysis of the sentinel lymph node should be meticulous, especially 
in the subcapsular sinus, most frequent site of micrometastases7.
The frozen section analysis is not routinely performed by 
concerns that freezing could compromise the analysis in paraffin. 
In other words, the small fragment of the lymph node used in the 
frozen section analysis could contain the only metastases, and if not 
visualized could lead to a false negative diagnosis8. On the other 
hand, if it were possible to perform a frozen section examination 
during surgery, and it indicated that a lymph node dissection is 
necessary, there would be no need for a second hospitalization for 
lymphadenectomy, thus reducing morbidity, the cost of a second 
surgery and the stress of two hospitalizations.
Oliveira Filho described an experimental model in 
the adult rats demonstrating that sentinel lymph node biopsy is 
feasible8. Using this experimental model, Junqueira demonstrated 
that activated carbon can also be used as a marker, helping the 
pathologist in the search for metastases, without compromising 
the histological analysis of lymph nodes9.
The aim of this study was to simulate a lymph node metastasis 
in an animal model using activated carbon at different concentrations, 
assess their identification in frozen section histopathology and 
compare with standard histopathology in paraffin.
Methods
This study was approved by the Ethical Committee under 
protocol number 0582/10.
In the experiment 32 adult Wistar EPM-1 rats, weighing 
between 250 and 300 grams, were used. Each animal was anesthetized 
with an intra peritoneal injection of tiletamine hydrochloride (25 mg / 
kg) and zolazepam hydrochloride (25 mg / kg). After sedation,  0.08 ml 
of  0.25% activated carbon was injected in the ventral portion of a hind 
paw. In the contralateral paw, the same volume of 0.125% activated 
carbon was injected. The paw that received the 0.25% activated carbon 
solution was alternated for each animal. 16 rats received in each hind 
paw 0.08ml of patent blue (to assist in the immediate location of the 
lymph node). Thirty minutes after the injection, the SLN was dissected 
and removed for examination.After excision of the lymph nodes, the 
rats were sacrificed with extremely high doses of the same anesthetic.
Each lymph node was identified, numbered and split 
along its bigger diameter. One half of the lymph node was sent 
immediately to frozen section pathological examination. Two 
slides were prepared. The other half of the lymph node was placed 
in 10% formaldehyde for tissue fixation and preparation of final 
histopathology in paraffin using HE staining7.
The remaining sixteen animals were kept in cages under 
the same conditions of temperature, humidity, lighting and noise, 
receiving commercial ration and water ad libitum for 21 days. 
After this period, the animals underwent the same anesthetic and 
surgical procedure. The sentinel nodes removed underwent the 
same technique of frozen section histopathology and paraffin with 
HE staining, similar to the initial group.
The slides obtained from the two histological techniques, 
frozen section and paraffin were examined by two independent 
pathologists. Slides were divided into 4 quadrants, and the presence 
of carbon in each of the quadrants was evaluated on a score from 
1 to 4. For example, if there were carbon present in only 1 of the 
4 quadrants, the slide would receive a grade 1. If 2 quadrants were 
stained, the slide would receive a grade 2.
The slides were also evaluated for carbon staining intensity, 
receiving a score of 1 to 4. A slide with low staining intensity of 
carbon received a grade 1. A strongly stained slide, received the 
highest score. For this classification, pathologists used a table as a 
reference with photos containing images of slides with 4 intensities.
Quadrants and intensities scores were described 
according to days in each concentration and method of evaluation 
using absolute and relative frequencies and compared between 
days using the Mann-Whitney test.
The results of quadrants and intensities at each 
concentration and evaluation method are described by joining the 
two days of sacrifice and verified the agreement/reproducibility 
between evaluation methods using Kappa coefficient of Fleiss.
The tests were performed with a significance level of 5%.
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Results
The lymph nodes that received the 0.25% activated carbon 
injection had more quadrants impregnated in the frozen section 
technique on day 21 than on day 0 (p <0.001). In the remaining 
situations there was no statistically significant difference from day 
0 to day 21 (p > 0.05).  There was also no statistical difference 
when analyzing the intensity. (Table 1)
The comparison between the frozen section technique 
and paraffin technique did not show similar results in the analysis 
of the quadrants, independent of the concentration of activated 
carbon. The same was valid for the intensity analysis (Table 2).
Variable Category Day 0  
(N = 16)
Day 21  
(N = 16)
p




1 0 0.0 0 0.0 0.239
2 1 6.3 0 0.0
3 3 18.8 0 0.0
4 12 75.0 16 100.0
Quadrant 0.25 
Frozen Section
1 0 0.0 0 0.0 <0.001
2 6 37.5 0 0.0
3 7 43.8 0 0.0
4 3 18.8 16 100.0
Quadrant 
0.125 Parafinn
1 0 0.0 1 6.3 0.780
2 0 0.0 0 0.0
3 0 0.0 0 0.0




1 0 0.0 0 0.0 0.138
2 1 6.3 0 0.0
3 4 25.0 0 0.0




1 2 12.5 0 0.0 0.128
2 5 31.3 2 12.5
3 3 18.8 5 31.3




1 3 18.8 2 12.5 0.539
2 7 43.8 4 25.0
3 2 12.5 8 50.0
4 4 25.0 2 12.5
Intensity
0.125 Paraffin
1 0 0.0 1 6.3 0.780
2 6 37.5 3 18.8
3 4 25.0 9 56.3




1 1 6.3 2 12.5 0.381
2 8 50.0 4 25.0
3 6 37.5 7 43.8
4 1 6.3 3 18.8
TABLE 1 - Quadrants and intensity description according to 








 Fleiss’  
Kappa p
n % n %
Quadrant
0.25
1 0 0.0 0 0.0
0.190 0.159
2 1 3.1 6 18.8
3 3 9.4 7 21.9
4 28 87.5 19 59.4
Quadrant 
0.125
1 1 3.1 0 0.0
-0.076 0.582
2 0 0.0 1 3.1
3 0 0.0 4 12.5
4 31 96.9 27 84.4
Intensity 
0.25
1 2 6.3 5 15.6
0.048 0.655
2 7 21.9 11 34.4
3 8 25.0 10 31.3
4 15 46.9 6 18.8
Intensity 
0.125
1 1 3.1 3 9.4
0.038 0.741
2 9 28.1 12 37.5
3 13 40.6 13 40.6
4 9 28.1 4 12.5
TABLE 2 - Quadrants and description of intensities at each 
position and results of concordance coefficients.
Table 2 shows that the frozen section analysis and paraffin 
did not show similar results on the quadrants or intensity, because 
the Kappa coefficients of Fleiss were very low and statistically 
equal to zero (p> 0.05).
Discussion
Before sentinel lymph node technique was described, 
metastases that were not clinically detectable, were only detected 
when the surgeon made an elective lymphadenectomy. Metastases 
were diagnosed in approximately 20% of cases. In the remaining 
cases, the surgeon was with a impression of having made a greater 
than necessary procedure, associated with high morbidity10. The 
development of sentinel node biopsy technique was one of the 
great advances of recent years in the treatment of melanoma, 
because it provided a better staging of patients11.
Several studies have demonstrated that histological 
analysis of sentinel lymph node reflects the state of the 
corresponding lymph node basin2,3,10. In a lymphadenectomy, the 
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anatomo-pathological study of lymph node metastases usually 
examines a slice 5 mm thick on each dissected lymph node. 
Such sampling is considered insufficient for the detection of 
micrometastases, especially in cutaneous melanoma because their 
metastatic cells in the lymph node can penetrate in small groups6.
The sentinel lymph node is fixed in 10% formaldehyde, 
embedded in paraffin and sectioned in its longest axis, ie, 
longitudinal sections from the hilum, sliced 1-2 mm thick, 
according to the size of the lymph node7.
At first, the technique of SLNB described by Morton 
was carried out only using patent blue dye during surgery. The 
technique was simpler and less expensive, but there was still a 
percentage of 10 to 20% where the surgeon could not find the 
sentinel lymph node. Thus, the method has been improved with 
the use of nuclear medicine and the percentage of detection of 
lymph nodes increased significantly4,5.
The frozen section examination of the lymph node  is 
controversial due to its low sensitivity, ie, micrometastases can 
not be diagnosed. Furthermore, there is the possibility of material 
deterioration and loss of tissue that would be used in standard 
histopathological examination4,5. 
Some studies were conducted to analyze the sensitivity 
and specificity of the frozen section analysis. The difficulty in 
finding small deposits of tumor cells in lymph nodes is an important 
disadvantage of this technique and its indication is controversial12-14. 
On the other hand, some authors found high accuracy in performing 
the intraoperative frozen section examination of SLNB and the 
method did not prolong the duration of surgery15,16.
Due to the controversy found in the literature, a study 
design was conducted based on an experimental animal model. 
Initially it has been described the feasibility of sentinel lymph 
node biopsy in the inguinal region7. Following the same method, 
activated carbon was used at various concentrations to mimic the 
presence of metastases in the lymph node. The authors concluded 
that the lowest concentration used (0.5%) was the most suitable 
as it was possible to identify the carbon in all evaluations, without 
changing the visualization of the structures of the lymph node8.
In the present study the authors utilized the activated 
carbon solution, with half and one-quarter the concentration used 
in the previous study, that is, 0.25% and 0.125%, respectively. It 
was possible to visualize the carbon in all slides analyzed.
The first analysis is taken regarding the time. Would there 
be any difference between the analysis made in first and 21 days? 
After 21 days there was a tendency to more easily identify the carbon 
in the 4 quadrants when compared with the analysis from the first day. 
However this trend was not statistically significant (except in frozen 
section 0.25%). A possible explanation would be that the greater time 
available would  allow the carbon to reach all parts of the lymph node. 
The purpose of analyzing the quadrants was to discover 
how metastasis occurs in this model that simulates metastatic 
melanoma. Metastases occur in only a small portion or do they occur 
in a widespread manner throughout the lymph node? Based on this 
response we could initiate the following thought: if we remove a 
small fragment of the lymph node for intraoperative frozen section 
analysis, there is a chance we are removing the only fragment in 
which metastasis was present (leaving nothing for the analysis in 
paraffin)? If the frozen section fails to detect the metastasis, we could 
classify this patient as negative, when in fact he is a false negative? 
Observing the results of the first day, we see that the distribution 
is quite varied, thereby it would be risky conduct a frozen section 
analysis. However, very rarely in clinical practice, we obtain the 
sentinel lymph node on the same day he received metastasis. Perhaps 
a later biopsy is more consistent with reality. Observing the results 
obtained with 21 days, we can see that in 63 of 64 lymph nodes 
was possible to visualize carbon in all 4 quadrants, which makes us 
confident to perform a frozen section analysis. If the frozen section 
is an inferior method, we would not cause an iatrogenicity. Clearly 
we can not transpose these results to clinical practice. Besides being 
a simulation model, it is an animal model.
Regarding the intensity of activated carbon, no 
difference between day one and day 21 was observed. The 
intuition may suggest that the presence of activated carbon 
would increase cumulatively over time, and intensity after 21 
days would inevitably greater than the first day. Unlike that the 
intensity remained. We must remember that we were careful to 
use extremely low concentrations of carbon, in order to simulate 
the conditions of an initial metastasis (not a massive metastasis).
Finally comparing the frozen section analysis and the 
paraffin, the low Kappa Fleiss  levels indicate us that there was no 
concordance between the methods, both in the quadrant and in the 
intensity evaluation. In a subjective analysis, pathologists found 
greater difficulty in visualizing the carbon in the frozen section 
analysis, either by a limitation of the method, as by the difficulty 
of obtaining a quality slide when freezing a lymph node smaller 
than one centimeter. It was considered that the visualization and 
recognition of structures in general, is made more easily and 
accurately in the analysis of material embedded in paraffin.
Conclusions
In an animal model, it was possible to identify the 
activated carbon in all analyzes, either paraffin or frozen section 
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and at all moments analyzed. It was evidenced a tendency of 
carbon to spread on the lymph node over time. In this study, the 
different forms of analysis (paraffin x frozen section) did not 
obtained concordance.
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